US010623292B2

a2 United States Patent (10) Patent No.: US 10,623,292 B2

Shirasuka 45) Date of Patent: Apr. 14, 2020
(54) RECEIVER AND (38) Field of Classification Search

EVENT-DETECTION-TIME-POINT CPC ... HO4L 43/087; HO4L 41/0681; HO4L 43/16;

ESTIMATION METHOD HO4L 12/28

See application file for complete search history.
(71) Applicant: MITSUBISHI ELECTRIC

CORPORATION, Tokyo (IP) (56) References Cited
(72) Inventor: Keiichi Shirasuka, Tokyo (JP) U.S. PATENT DOCUMENTS
(73) ASSigHBE' MITSUBISHI ELECTRIC 2010/0250781 Al* 9/2010 Matsunaga ........... HO04J 3/0685
‘ 709/248
CORPORATION, Tokyo (JP) 2011/0043377 Al1* 2/2011 McGrath ............ GO8G 1/09675
340/905
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent 1s extended or adjusted under 35
U.5.C. 154(b) by 45 days. FOREIGN PATENT DOCUMENTS
(21)  Appl. No.: 15/776,719 JP 2010-232845 A 10/2010
JP 2012-194759 A 10/2012
(22) PCT Filed: Dec. 7, 2016 (Continued)
(86) PCT No.: PCT/IP2016/086309 Primary Examiner — Shailendra Kumar
$ 371 ()(1). g4]%iigoif}$ Agent, or Firm — Birch, Stewart, Kolasch
(2) Date: May 16, 2018 ’
(57) ABSTRACT

(87) PCT Pub. No.: WQO2017/154296

A data reception unit as the receiver i1s a device for estimat-
PCT Pub. Date: Sep. 14, 2017

ing an event detection time point and includes: a reception-
time-point measurement unit that measures a reception time

(65) Prior Publication Data - L : .
point when reception 1s made by a reception I/F unit; a
US 2018/0351839 A1l Dec. 6, 2018 reception-time-point expected value calculation unit that
calculates a reception-time-point expected value which 1s an
(30) Foreign Application Priority Data expected value of a next reception time point when detection
data 1s subsequently received, from the reception time point
Mar. 10,, 2016 (JP) ................................. 2016-047148 and a Samphng period; q jitter amount estimation unit that
calculates a vanation amount of the reception time point
(51) Imt. CL with respect to the reception-time-point expected value, as a
HO4L 12/26 (2006.01) system delay jitter amount; and an event-detection-time-
HO4L 12/24 (2006.01) point estimation unit that estimates an event detection time
HO4L 12/28 (2006.01) point, from a system delay time measured in advance, the
(52) U.S. CL reception-time-point expected value and the system delay

CPC ........... HO4L 437087 (2013.01); HO4L 12/28 jitter amount.
(2013.01); HO4L 41/0681 (2013.01); HO4L
43/16 (2013.01) 9 Claims, 12 Drawing Sheets

* Ty
| SYSTEM LOGK !w 6u

s e
1l DATA REGEPTION UsT]
. DATA RECEFTION UNIT| |
. 13.3 f i gq:::_ I {:5 i:f‘-‘f’b_fn ﬁp@;p‘ﬂ{}ﬁ L iNET :' E /$/24ﬁ
A o SHORTEST-SYSTEM- | ¢ 208 B |
SENSOR | | EEEL’E EHNE SR m‘*{%w -. 'ﬁmm cremon | 1 0
s pe Aty -
. e UNIT (TR i V\*%
) ? —— | . __:L_,_»J 3‘3‘{39&{15Hm1 {Toaryll L l}/ it
Wark ?I » ' C
e % Ri _;EF’" N~ § ! H’:GEF‘HQ?‘?‘*TEHE— | EDS ; i ;
; SENEOR fod §  TRE-POIT i POINT DXNREQTED ?f\J § .
: | Ll MEASUREMENT 4 WALUE CALCULATION | | #
: E oo UNIT (Tamed) | | 3 ¢
o .
: M & 270, i | J [
: e ] BRI T oot LA
: | | | pevEcTion- B WTTER | T GTTER [ ABNORMAL] |
¢ | L TmE-POINT B AMOUNT g( AMCUNT L DELAY )|
REA - ESTIMATION Ef STORAGE [ i ESTRIATION | DETECTION & 61
~ PoE f uwfws b YEunT (Tiewing § 1 UNET(TL ELMWNEY g
SENSOR b j {205 * * . | i _i; . ;
P | ; : ‘:‘E-*LJH EST-SYSTEM-DELAY— | P AN
: : : N 5 5 u - [
M | . ; "E‘EEE NI AN 207s | - SYNTHESIZING
i . ! e ES E%‘ﬁ'&*” ‘{.i_-.’.?:’;*,;,,ﬂ.w”“ PROCESSING 5
TRANSMITTER] | L L e i | PROCESS
“SIDE DEVICE | 1| RECEPTION L/F | w M_,m:v 208 = .
i LT FSEOTIATION 5| STORAGE
- i (REGEPTION ia; INFORMATION | 4l uny
v LpT) AT TION uu ! ot |
TRANSMISSIO *@] = E\ o » — !
PATH R — B SIN L - SR

21 RECEPTION SYSTEM (RECENER SIDE)



US 10,623,292 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS

2013/0282236 A1 10/2013 Kato et al.
2015/0350099 A1* 12/2015 Sun .......oveviiinnnnn, HO041. 65/80
370/412
2015/0378356 Al* 12/2015 Hefeeda ............. GO5B 19/0426
700/9

FOREIGN PATENT DOCUMENTS

2012194759 A * 10/2012
5702400 B2 4/2015

* cited by examiner



US 10,623,292 B2

Sheet 1 of 12

Apr. 14, 2020

U.S. Patent

(AAIS HIAIFOTH) WILSAS NOILdAD3H Ol

| S H1Vd

— elg|

JOVHOLS
LINM

DNISS400dd
ONIZISAHLNAS

191

001

0¢l
Ovl

.,_
1INN | l-

—~NOISSINSNVY L

(LINN

1IN NOILLIAAV

NOLLYINHOANI NOILd303d)
NOLLYIOOSSY LINO _
4/1 NOILLd303d || | 301A3a 3qis-
601 . 431 L INSNVYHL
101 g | N
- ( 'S GOL _
| ﬂ ¥ x
1INN NOLLO313d (11) 1NN LINN NOLLYINILS3 dOSN4S
| Av13a vimmonay [ | HORTRLSS LNIOd-INIL -
~NOLLOT1I0-1NIAT 201

801 LO}

(741 1INN
INTWIINSYIN

INIOd-dIL
=NOILd3d0dd

(towre]) LINN
| NOLLYINOTVO INTVA |

ddL0ddXd LNIOd
-dWIL-NOILd30d4

LR B R B O W

HOSNIS

(W3] ) LINN LLL

4OVdOLS dNIL-AV 1dd |

(eS1) LINN ADVHOLS

dO0lddd DNI'IdINVS JOSNLS

|
=
LL]
-
v
>
T
LL]
QO
<
(-
L1
>
<[

LINM NOILd30dd V.Lvd 0L1

LINM NOILd304d V.Ivd
JINM NOILdd0dd VAV(Q -

l n

wr [oomss ] | o1



U.S. Patent Apr. 14, 2020 Sheet 2 of 12 US 10,623,292 B2

FIG. 2
ESTIMATED EVENT

DETEGTION TIME POINT  AVERAGE SYSTEM DELAY TIME
TMS_ (MEASURED VALUE)
Tt me '

 SYSTEM DELAY JITTER AMOUNT
Ty

SMALL - -
ERROR'! REGEPTION-TIME

—>——  POINT DISTRIBUTION

[N

TIME

Q)

(4.5
ACTUAL EVENT DETECTION TIME POINT REGEPTION-TIME-POINT EXPECTED VALUE

\ TMS_I / N Ta_me_i Pl
I T |
TRANSMITTER-SIDE DEVICE RECEPTION SYSTEM 10
FIRST EMBODIMENT TMSi" =Tamei- Ttme

VALUE CALCULATED BY / \

RECEPTION-TIME-POINT EXPECTED VALUE STORED IN AVERAGE-SYSTEM-
VALUE CALCULATION UNIT 103 DELAY-TIME STORAGE UNIT 106

FIG. 3

ESTIMATED EVENT
DETECTION TIME POINT

TMS ia
AVERAGE SYSTEM DELAY TIME
: (MEASURED VALUE) RECEPTION TIME POINT
B s, Tt me v Ird
W / /A *
GREA G0 :
FLUCTUATION |
OF ERROR o b
‘ e . ; ~
: DEPED Do o N TIME
AR T
ACTUAL EVENT DETECTION TIME POINT RECEPTION-TIME-POINT DISTRIBUTION
\ TMS N~ ’ -
=
TRANSMITTER-SIDE DEVICE RECEPTION SYSTEM

COMPARISON EXAMPLE TMSia=Tri- Tt me




US 10,623,292 B2

Sheet 3 of 12

Apr. 14, 2020

U.S. Patent

“ew| —lewe] = I'SWL INIOd IWIL NOILDILIA INIAI QILVINILS3

INNOWY HILLIM AVT13A WILSAS AOVUVAY " Taw (]

rewe| vY.1vQd NOILO413d
HL-!' Ol 193dS3d HLIM LNIOd FWIL NOILLOIL3A INIAT TVNLOVY : SN v 1VQ

V.1VQ NOILOALIA HL-! 40 INNOWY ¥3LLIM AVIIA WALSAS: ITL| o h3 190700

V1vQ NOILLO313A HL-! 40 LNIOd JWIL NOLLdAOAY © T4l g1 NOLLdIO3d |
V.1vQ NOILOA13d HL1-! 40 INTVA a3193dX3 INIOd JWIL NOILd3D3y - Iawe] INIOd
JONVAQY NI a3dNSVYIW JNIL AV13A WALSAS FOVHIAY 1 BWI] 311 NOLLOTLIA

| ~>ozm:o<um“_ (QOH3d NOLLDI13Q) dOMAd ONINdAVS ©  BS] | IN3IAT IVNLOY
] w es ] K 1 es | > __es| )
NOLLdIO3Y | | _ INOLLdIO3d  NOILL43OaN| “ NOILd3OaY
BT | A2l gl 041 |
WL M I || 0L naiSAS
m , | NOILd303
w “ | | AV130 TYNYILNI 3AIS-HIAIFOI + AVIIA HLVG
b ! NOISSINSNVYHL + AV130 TYNYILNI HOSNIS =
|V AVT30 WALSAS b AVI3Q WILSAS |0 AVI30 W3LSAS
m " R e " ) f B
“ r|rmE.,u._. — > et PWAL ..,M 0=0TL ——oWiL—>
e ! L )
. ..._er 1 | < o _.A|_ o
| JSIL « JSWNL | L0 SINL
T @TL+1TL+0TE/) _ ... |
awie | VAL XN/ | NOLLD ot _: 1+ oLzt | NOO _ NOILO
| = rewrry| ~33d T | - rowrry | 330 -3130
"owe ._,.,... . | PON Z swej |'owe] | L°N Qewe] 0 "ON
I SW.L I SWL 0 SINL
f es | es | X es | X

391A3A JAIS-YILLINSNYHL

v Ol



U.S. Patent Apr. 14, 2020 Sheet 4 of 12 US 10,623,292 B2
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FIG. 16
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RECEIVER AND
EVENT-DETECTION-TIME-POINT
ESTIMATION METHOD

TECHNICAL FIELD

The present invention relates to a receiver for receiving
data and a method of estimating an event detection time
point.

BACKGROUND ART

If there 1s a long time interval (system delay time) from
a time point (event detection time point) when a detector
(sensor) provided on a road detects a situation (event) on the
road to a time point (reception time point) when a receiver
in a vehicle receives trailic guide information (detection
data) based on the detection, there 1s the following problem:
the received traflic guide information 1ndicates old informa-
tion (low reliable information). As a countermeasure against
this problem, Patent Document 1 describes a device that
acquires 1n advance an average value of the system delay
time (average system delay time) 1n an information provi-
s1on system, subtracts the average system delay time from
the reception time point when the vehicle receives the trathic
guide information, and thus estimates (calculates) the event
detection time point. With the device, it 1s possible to
remove, from the received traflic guide information, old
information (low reliable information) detected at a time
point (past time point) five minutes or more before the
current time.

Patent Document 2 describes a vehicle-mounted device
for identitying the same vehicle, by using travel information
produced as a consequence ol detecting an event by a
detector (sensor) installed 1n a vehicle and information
received by a communication terminal in this vehicle (travel
information transmitted from another vehicle). In the
vehicle-mounted device, the sensor, the communication
terminal, a controller, the GPS (Global Positioning System)
and a control ECU (Electronic Control Unit) for controlling
an engine and a brake are connected with each other, through
a bus of a CAN (Controller Area Network) which 1s an in-car
network. Information indicating the result of the detection
by the detector installed 1n the vehicle (own vehicle) 1s
produced at tervals of 100 milliseconds. Information
detected by the another vehicle 1s transmitted from a com-
munication terminal (transmitter) in the another vehicle at
intervals of several hundred milliseconds. If a time point
indicated 1n time-point information added to the information
received by the vehicle (own vehicle) 1s a time point (past
time point) a threshold value or more before the current
time, the received information 1s old information (low
reliable information) and accordingly the information 1s
removed.

PRIOR ART REFERENCE

Patent Reference

Patent Document 1: Japanese Patent Application Publication
No. 2012-194759
Patent Document 2: Japanese Patent Publication No.

5702400

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

However, the device described in Patent Document 1
subtracts the average system delay time (an average value of
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the system delay time caused by data-generation-processing
time and data transmission time) from the reception time

point when the communication terminal (receiver) in the
vehicle recerves the traflic guide mformation, thereby esti-
mating (calculating) the event detection time point which 1s
a time point 1n the transmitter (transmitter-side time point).
If the data-generation-processing time or the data transmis-
sion time greatly varies, the average system delay time
greatly varies, and accordingly there 1s the following prob-
lem: an error of the estimated event detection time point with
respect to a time point (actual event detection time point)
when the detector actually detects the event greatly varies,
and information which has not been removed may contain
old information (low reliable information).

The device described 1n Patent Document 2 evaluates a
time point when the information transmitted from the com-
munication terminal (transmitter) 1n the another vehicle 1s
received, but does not take the system delay time (delay time
caused by the data-generation-processing time and the data
transmission time) into consideration. For this reason, the
process for estimating the event detection time point 1s not
performed, and there 1s the following problem: information
which has not been removed may contain old information
(low reliable information).

The present invention has been made for solving the
problems of the conventional art, and an object of the
present mvention 1s to provide a receiver capable of accu-
rately estimating an event detection time point and an event
detection-time-point estimation method used for accurately
estimating the event detection time point.

Means for Solving the Problem

A recerver according to an aspect of the present invention
1s a receiver for recerving detection data sent from a sensor
that detects an event i each fixed sampling period to
estimate an event detection time point which 1s a time point
when the sensor detects the event. The receiver includes: a
reception unit to recerve the detection data; a reception-time-
point measurement unit to measure a reception time point
which 1s a time point when the detection data 1s recetrved by
the reception unit; a reception-time-point expected value
calculation unit to calculate a reception-time-point expected
value which 1s an expected value of a next reception time
point which 1s a time point when detection data 1s subse-
quently received, from the reception time point and the
sampling period; a jitter amount estimation unit to calculate
a variation amount of the reception time point with respect
to the reception-time-point expected value, as a system
delay jitter amount; and an event-detection-time-point esti-
mation unit to estimate the event detection time point, from
a system delay time measured in advance as a time period
from the time point when the sensor detects the event to the
reception time point, the reception-time-point expected
value and the system delay jitter amount.

An event-detection-time-point estimation method accord-
ing to another aspect of the present invention 1s a method of
estimating, 1 a receiver for receiving detection data sent
from a sensor that detects an event 1n each fixed sampling
period, an event detection time point which 1s a time point
when the sensor detects the event. The method includes: a
step of measuring a reception time point which i1s a time
point when the detection data 1s recerved by the receiver; a
step of calculating a reception-time-point expected value
which 1s an expected value of a next reception time point
which 1s a time point when detection data 1s subsequently
received, from the reception time point and the sampling
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period; a step of calculating a variation amount of the
reception time point with respect to the reception-time-point
expected value, as a system delay jitter amount; and a step
ol estimating the event detection time point, from a system
delay time measured 1n advance as a time period from the
time point when the sensor detects the event to the reception

time point, the reception-time-point expected value and the
system delay jitter amount.

Eftects of the Invention

According to the present invention, 1t 1s possible to
accurately estimate an event detection time point and there-
fore prevent occurrence of a situation in which old infor-
mation (low reliable information) 1s not removed and a
situation in which information which 1s not old 1s removed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically showing a
configuration of a receiver according to a first embodiment
of the present invention.

FIG. 2 1s a diagram showing an outline of a method of
estimating an event detection time point by the receiver
according to the first embodiment.

FIG. 3 1s a diagram showing an outline of a method of
estimating an event detection time point by a receiver 1 a
comparison example.

FIG. 4 1s a timing chart showing the method of estimating,
an event detection time point by the receiver according to the
first embodiment.

FIG. 5 1s a flowchart showing a process of calculating a
reception-time-point expected value by a reception-time-
point expected value calculation unit 1n the receiver accord-
ing to the first embodiment and 1n a receiver according to a
second embodiment.

FIG. 6 1s a flowchart showing a process of estimating an
event detection time point by an event-detection-time-point
estimation unit 1n the recerver according to the first embodi-
ment.

FIG. 7 1s a flowchart showing a process of estimating a
system delay jitter amount by a jitter amount estimation unit
in the receiver according to the first embodiment.

FIG. 8 1s a flowchart showing a process of detecting an
abnormal delay by an abnormal delay detection unit 1n the
receiver according to the first embodiment and in the
receiver according to the second embodiment.

FI1G. 9 1s a diagram showing an example of a system delay
distribution used for simulations in FIG. 10 and FIG. 11.

FIG. 10 1s a diagram showing an example of estimation
errors ol event detection time points obtained through a
simulation 1n the first embodiment.

FIG. 11 1s a diagram showing an example of estimation
errors ol event detection time points obtained through a
simulation in the comparison example.

FIG. 12 1s a diagram showing a problem of the method of
estimating an event detection time point by the receiver
according to the first embodiment.

FIG. 13 1s a block diagram schematically showing a
configuration of the receiver according to the second
embodiment.

FIG. 14 1s a diagram showing an outline of a method of
estimating an event detection time point by the receiver
according to the second embodiment.

FIG. 15 1s a timing chart showing the method of estimat-
ing an event detection time point by the receiver according
to the second embodiment.
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FIG. 16 15 a flowchart showing a process of estimating an
event detection time point by the receiver according to the

second embodiment.

FIG. 17 1s a diagram showing an example of a system
delay distribution used for a simulation in FIG. 18.

FIG. 18 1s a diagram showing an example of estimation
errors of event detection time points obtained through the
simulations 1n the first embodiment and the second embodi-
ment.

FIG. 19 1s a hardware configuration diagram showing a
receiver of a modification example of the first embodiment
and the second embodiment.

MOD.

(L]

FOR CARRYING OUT THE INVENTION

(1) First Embodiment

(1-1) Configuration 1n First Embodiment

(Transmitter-Side Device and Reception System 10)

FIG. 1 1s a block diagram schematically showing a
configuration of a reception system 10 according to a first
embodiment of the present invention. As shown in FIG. 1,
a plurality of sensors (also referred to as ‘sensor devices’)

170, 171, . . ., 172 for detecting events are communicably
connected to a plurality of data reception units 100,
120, . . ., 140 as a plurality of recervers for receiving a

plurality of detection data (sensor data) respectively, through
a transmission path.

Each of the sensors 170, 171 and 172 1s a transmitter-side
component (a transmitter-side device) for transmitting
detection data as a detection result which 1s a product of
event detection. Detection targets of the sensors 170, 171
and 172 are not limited. For example, each of the sensors
170, 171 and 172 1s a position sensor for detecting a position
of an object, a speed sensor for detecting a speed of an
object, or the like. Although the three sensors 170, 171 and
172 are shown 1n FIG. 1, the number of the sensors may be
one, two, or four or more.

As shown 1 FIG. 1, the plurality of data reception units
100, 120 and 140 and a synthesizing processing unit 161
form the reception system 10 as a receiver-side system for
receiving detection data. Although the three data reception
units 100, 120 and 140 are shown 1n FIG. 1, the number of
the data reception units may be one, two, or four or more.

Each of the sensors 170, 171 and 172 performs sensing
(event detection) 1n each fixed detection period (sampling
period) Tsa, that 1s, at regular time intervals, processes a
signal which 1s the product of the sensing, and sends, to a
transmission path, a signal (detection data) which 1s the
product of the processing. The transmission path i1s a signal
transmission path for wireless communication or for wired
communication. The transmission path can be formed by
using a network such as the Internet or a LAN (Local Area
Network), a bus, a telephone communication network, a
dedicated line or the like, for example. The detection data
sent from the sensors 170, 171 and 172 at regular intervals
are mput to the data reception units 100, 120 and 140
respectively, through the transmission path, for example.
Each of the data reception units 100, 120 and 140 estimates
(calculates) a time point when the corresponding sensor of
the sensors 170, 171 and 172 installed in the transmitter-side
device detects an event (event detection time point), makes
the received detection data associated with the estimated
event detection time point TMS_1', and then outputs the
associated data to the synthesizing processing unit 161.
Receiving the associated data from the data reception units
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100, 120 and 140 (that 1s, receiving the plurality of data
output from the plurality of data reception units), the syn-
thesizing processing unit 161 performs a process of synthe-
s1zing the detection data on the basis of these data.

If the detection data sent from the sensors 170, 171 and
172 are position data concerning an object as a detection
target, for example, the synthesizing processing unit 161
makes the position data (detection data) indicating positions
of the same object detected by the sensors 170, 171 and 172
associated with estimation values TMS_1' 1=0, 1,2, ... ) of
time points (estimated event detection time points) when the
sensors 170, 171 and 172 detect the object (detect the
positions of the object), thereby making it possible to grasp
(calculate) the position of the object at a time point different
from the event detection time point TMS_1'. The synthesiz-
ing processing unit 161 may include a storage unit 161a for
storing information (past data) containing the object position
data (detection data) and the estimated event detection time
points TMS_1' that are associated with each other. The
storage unit 161a may be a part of the synthesizing process-
ing unit 161 or may be a storage unit provided outside the
synthesizing processing unit 161. By treating the position of
the object detected by each of the sensors 170, 171 and 172
as a function of time, the synthesizing processing unit 161
can grasp (calculate) the position of the object at an arbitrary
time point. Thus, the reception system 10 shown in FIG. 1
can grasp (calculate) the object position, such as a current
position of the object as the detection target or a future
position (prediction position) of the object as the detection
target. Further, the synthesizing processing unit 161 can
judge whether or not objects (detection targets) detected by
the sensors 170, 171 and 172 are the same object. Further-
more, the synthesizing processing unit 161 makes eflicient
use of a plurality of position data included 1n a plurality of
detection data sent from the sensors 170, 171 and 172, and
therefore can improve the reliability of the detected object
position data. In order to perform the synthesizing process
with high accuracy, not only the object position data
detected by the sensors 170, 171 and 172 but also accurate
time-point information (event detection time points) on time
points when the object 1s detected by the sensors 170, 171
and 172 are required. The following 1s a description of how
the reception system 10 according to the first embodiment
estimates the time point when the sensor detects the object,
that 1s, the event detection time pomnt TMS_1', with high
accuracy.

(Data Reception Units 100, 120 and 140)

The data reception units 100, 120 and 140 are basically
the same 1n configuration as each other. So, the configuration
of the data reception unit 100 will be described below. The
data reception unit 100 1ncludes: a reception I'F (interface)
unit 101 as a reception unit for receiving detection data sent
from a sensor (e.g., the sensor 170); and a reception-time-
point measurement unit 102 for measuring a time point
(reception time point) when the detection data 1s received
(1.e., acquiring the reception time point), by referring to a
system time point from a system clock 160 every time when
receiving from the reception I'F unit 101 a data reception
notification of the reception of the detection data. The
reception I/F unit 101 successively receives detection data.
A reception time point when 1-th (1 1s an 1integer not less than
zero) received detection data 1s received 1s denoted as “Ir_17.
The system clock 160 can be a clock for measuring a time
point or a device for receiving a signal indicating a time
point provided from outside (a time signal receiver), for
example. FIG. 1 shows the system clock 160 as a component
separate from the receivers, however, the system clock 160
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may be a part of the recetver or may be a part of the
synthesizing processing unmt 161.

The data reception unit 100 further includes a reception-
time-point expected value calculation unit 103. The recep-
tion-time-point expected value calculation unit 103 calcu-
lates an average system delay jitter amount that 1s a
distribution mean value of variation time components (sys-
tem delay jitter amount) T7_1 concerning system delay time
that 1s a time period from a time point when the sensor for
transmitting detection data detects an event (event detection
time point) to a time point (reception time point) Ir_1 when
the reception I/F unit 101 receives the detection data. The
average system delay jitter amount concerning 1-th received
detection data 1s denoted as “Tj_me_1’. The sampling period
that 1s a fixed detection interval between detections of the
event by the sensor 1s denoted as “Tsa’. The calculation of
the average system delay jitter amount T7_me_11s expressed
by the following equations (1) and (2), where N 1s a
predetermined sample number (positive mteger) and K 1s an

integer increased by 1 at each time sampling 1s performed
(K=0,1,2,...).

=
1] me_1= EZ Ty 1
i=K—-N

(1)

1) 1=Tr_1—-((Ta_me_1-1)+ Tsa) (2)

However, when first detection data 1s received, as shown
in steps S103 and S104 1n FIG. S described later, the above
equation (1) 1s replaced with Tj_me_1=1r_0. When detection
data 1s received until K reaches or exceeds the predeter-
mined sample number N, equation (1) 1s replaced with the
following equation (1'), as shown 1n step S107 in FIG. 5
described later.

| k=L (17)
1] me_ 1= E; Ty 1

Next, the reception-time-point expected value calculation
umt 103 calculates a new reception-time-point expected
value (an expected value of a next reception time point when
detection data 1s subsequently recerved) Ta_me_1, by adding
the sampling period Tsa and the calculated average system
delay jitter amount Tj_me_ 1 to a reception-time-point
expected value (Ta_me_i1-1) which i1s calculated when
immediately preceding detection data 1s received. This cal-
culation 1s performed according to the following equation

(3).

(3)

The data reception unit 100 further includes an event-
detection-time-point estimation unit 105 for estimating (cal-
culating) an event detection time point TMS_1', by subtract-
ing, from the reception-time-point expected value Ta_me 1,
an average system delay time Tt _me calculated from mea-
sured values obtained by measuring the system delay time 1n
advance. This calculation 1s performed according to the
following equation (4).

1a_me_i=(Ia_me_i-1)+13a+1j_me_i

TMS i'=Ta me i-Tt me (4)

FIG. 2 1s a diagram showing an outline of a method of
estimating the event detection time point TMS_1' by the data
reception umt 100 according to the first embodiment. The
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data reception unit 100 according to the first embodiment
calculates the reception-time-point expected value Ta_me 1
from the detection data receirved by the data reception unit
100 by using the above equations (1) to (3), subtracting the
average system delay time Tt_me measured 1n advance from
the reception-time-point expected value Ta_me_1 as shown
in the above equation (4), and thus estimates the event
detection time point TMS_1' which 1s a time point when the
sensor 1n the transmitter-side device detects the event. In this
case, there 1s small fluctuation of error of the estimated event
detection time point TMS_1' with respect to the actual event
detection time point TMS_1.

FIG. 3 1s a diagram showing an outline of a method of
estimating an event detection time pomt TMS_ 1a by a
receiver 1n a comparison example. In FIG. 3, ‘Tt _me’
represents an average value of the system delay time mea-
sured 1n advance (average system delay time) and “Tr_1°
represents a reception time point when detection data 1s
received. In the comparison example, 1f the average system
delay time 1s constant, the event detection time point
TMS_1a at the sensor 1s calculated according to the follow-
ing equation (3). In this case, there 1s greater fluctuation of
error of the estimated event detection time pomnt TMS_1a
with respect to an actual event detection time point TMS_1,
than that in the case of FIG. 2.

ITMS ia=T1r i-Tt me (5)

(1-2) Operation 1 First Embodiment

FIG. 4 1s a timing chart showing the method of estimating
the event detection time point by the data reception unit 100
according to the first embodiment. In FIG. 4, a time point
(actual event detection time point) when the sensor 170
detects the object (performs sensing) 1s denoted as “TMS_1’
(1=0, 1, 2, . . . ). Detection data generated after a lapse of
internal delay time taken for internal processing in the
sensor 170 1s denoted as ‘No. 1" (1=0, 1, 2, . . . ). The
detection data sent from the transmitter-side device to the
transmission path 1s received at a time point Tr_1 (1=0, 1,
2, ... ) by the data reception unit 100 1n the reception system
10, after a lapse of transmission delay time. In the data
reception umt 100, the reception I/F unit 101 performs a
reception process. Specifically, in the data reception unit
100, data stored 1n a reception builer in the reception I/F unit
101 1s read out through a reception interruption process, the
data 1s transierred to an association information addition unit
109, and then stored 1n the association information addition
unit 109. In parallel with this, the reception I'F unit 101
sends, to the reception-time-point measurement unit 102, a
data reception notification for notifying of the data recep-
tion. The event detection time point TMS_1' estimated by the
event-detection-time-point estimation unit 103 1s made to be
associated with the detection data stored 1n the association
information addition unit 109 and thus stored in the asso-
ciation information addition unit 109.

The sensor detects an event at regular detection intervals
(sampling period) of Tsa and successively sends detection
data. If the average system delay time Tt_me 1s constant,
cach reception interval between receptions of the detection
data by the data reception unit 100 1s an 1nterval equal to the
sampling period Tsa. However, most of internal processing
in the transmitter-side device equipped with the sensor 170
or internal processing in the data reception unit 100 1is
executed by using soitware, hence time (delay time) taken
for the internal processing varies (fluctuates). In a case that
multiple transmitter-side devices are connected to the same
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transmission path (e.g., a case of a CAN bus or the like), 1T
timing of transmission from a lower-priority device of the
transmitter-side devices coincides with timing of transmis-
sion from a higher-priority device of the transmitter-side
devices, transmission of detection data from the lower-
priority transmitter-side device should be waited until trans-
mission processing by the higher-priority transmitter-side
device 1s completed. In such a case that multiple transmaitter-
side devices are connected to the same transmission path,
transmission delay time generally wvaries (fluctuates).
Accordingly, actual intervals between reception time points
Tr 0, Tr_1, Tr_2, ..., Tr_1 when the reception 1s performed
by the data reception unit 100 do not have the fixed value but
have different values, as shown 1n FIG. 4.

In FIG. 4, “Tt_me’ denotes an average value of the system
delay time measured in advance (average system delay
time). If the average system delay time Tt_me 1s constant, 1t
1s possible to accurately calculate the event detection time
pomnt TMS_1a 1n the sensor 170 according to the above
equation (5) (the estimation method of the comparison
example). However, since the actual average system delay
time Tt me fluctuates, the estimated event detection time
pomnt TMS_1a calculated according to equation (5) (the
estimation method of the comparison example) greatly fluc-
tuates.

Thus, under circumstances where the average system
delay time ",

I't_me varies, the data reception unit 100 accord-
ing to the first embodiment estimates the event detection
time point TMS_1' 1n the sensor 170 by using the reception-
time-point expected value. In the first embodiment, the
reception I'F unmit 101 receives detection data and then
outputs a data reception notification to the reception-time-
point measurement unit 102. Every time when receiving the
data reception notification, the reception-time-point mea-
surement unit 102 acquires a current time point from the
system clock 160 and notifies the reception-time-point
expected value calculation unit 103 of the acquired current
time point as the reception time point Tr_1.

Meanwhile, the system delay time 1s measured multiple
times in advance, an average value (average system delay
time) Tt_me of multiple values of the system delay time
measured 1n advance 1s calculated, and the average system
delay time Tt_me 1s stored 1n an average-system-delay-time
storage unit 106.

(Sampling Period Storage Unit 104)

A sampling period storage unit 104 stores 1n advance the
detection period (sampling period) Tsa in which the sensor
170 detects an event (e.g., detects an object).
(Reception-Time-Point Expected Value Calculation Unit
103)

The reception-time-point expected value calculation unit
103 calculates a reception-time-point expected value
Ta_me 1 according to the above equation (3), from an
average value (average system delay jitter amount) T7_me 1
of a variation amount (system delay jitter amount) of an
arrival time point Tj_1 with respect to the fixed detection
period (sampling period) Tsa, as shown in FIG. 4. The
reception-time-point expected value Ta_me 1 1s calculated
from N past reception time points and the sampling period
Tsa. Specifically, the reception-time-point expected value
Ta_me 1 1s obtained, by acquiring N system delay jitter
amounts Tj_1 as a deviation (system delay jitter amount)
from the reception-time-point expected value when data 1s
received, calculating the average system delay jitter amount
T1_me 1 which 1s a moving average value of the N system
delay jitter amounts according to the above equation (1), and
adding the average system delay jitter amount Tj_me_1 to
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((Ta_me_1-1)+Tsa) as shown in the above equation (3). The
event detection time point TMS_1' estimated 1n the first
embodiment 1s calculated according to the above equation

(4).

FIG. § 1s a flowchart showing a process of calculating the
reception-time-point expected value Ta_me 1 by the recep-
tion-time-point expected value calculation unit 103 in the
data reception unit 100 according to the first embodiment.
First, in step S101, K (K=0, 1, 2, . .. ) 1s set to an 1n1tial value
of 0, and then, 1 step S102, the reception-time-point
expected value calculation unit 103 judges whether or not 1t
1s the first reception of detection data after activation of the
data reception unit 100. If it 1s the first reception (YES 1n
step S102), the process proceeds to step S103 and a process
of setting the system delay jitter amount Tj_1=17_K to a
value of 0 (1mitialization) 1s performed. In other words, the
reception-time-point expected value calculation unit 103
sets as 17_1=0 on the assumption that the first received
detection data includes no system delay jitter amount, sets
the reception-time-point expected value Ta_me_1 as the first
reception time Ir_0 1n step S104, and then advances the
process to step S110. In the next step S110, the reception-
time-point expected value calculation umt 103 notifies the
event-detection-time-point estimation unit 105 and a jitter
amount estimation umt 107 of the reception-time-point
expected value Ta_me 1, increases K by 1, and then returns
the process to step S102.

If 1t 1s judged 1n step S102 that the reception 1s not the first
reception (NO 1n step S102), the reception-time-point
expected value calculation unit 103 calculates the system
delay jitter amount Tj_1 1n step S105 by using the above
equation (2) and then advances the process to step S106. In
this process, as shown 1n the above equation (2), a moving,
average of past system delay jitter amounts 17_1 1s calcu-
lated. In the next step S106, the reception-time-point
expected value calculation unit 103 judges whether or not N
data necessary for a predetermined moving average process
have been already received. If the number of detection data
has not yet reached the necessary number of data (if K 1s
smaller than the predetermined sample number N 1n step
S106), 1t 1s judged as NO and the process proceeds to step
S107. In step S107, the average system delay jitter amount
Tj_me_1 1s calculated according to the above equation (1').
Then, 1in step S109, the reception-time-point expected value
Ta_me 1, 1s calculated according to the above equation (3).
In the next step S110, the reception-time-point expected
value calculation unit 103 notifies the event-detection-time-
point estimation umt 105 and the jitter amount estimation
unit 107 of the reception-time-point expected value
Ta_me 1, increases K by 1, and then returns the process to
step S102.

If the number of detection data K reaches or exceeds the
predetermined sample number N, 1t 1s judged as YES 1n step
5106, the process proceeds to step S108. In step S108, the
average system delay jitter amount Tj_me 1 1s calculated by
using the above equation (1). In step S109, the reception-
time-point expected value Ta_me_1 1s calculated according
to the above equation (3). Next, in step S110, the reception-
time-point expected value calculation umt 103 notifies the
event-detection-time-point estimation unit 105 and the jitter
amount estimation unit 107 of the reception-time-point
expected value Ta_me 1, increases K by 1, and then returns
the process to step S102.

As described above, each time when receiving new detec-
tion data from the reception-time-point measurement unit
102, the reception-time-point expected value calculation
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umt 103 1s notified of a time point of the reception and
performs the process shown in FIG. 5.
(Event-Detection-Time-Point Estimation Unit 105)

FIG. 6 1s a flowchart showing a process of estimating the
event detection time point TMS_1' by the event-detection-
time-point estimation unit 105 1n the data reception unit 100
according to the first embodiment. The reception-time-point
expected value calculation unit 103 notifies the event-
detection-time-point estimation unit 105 of the reception-
time-point expected value Ta_me 1, and then, in step S111,
the event-detection-time-point estimation umt 105 estimates
(calculates) the event detection time point TMS_1' by using,
the above equation (4). Then, 1n step S112, the event-
detection-time-point estimation unit 105 notifies the asso-
ciation imnformation addition unit 109 of the estimated event
detection time point TMS_1' to make the association infor-
mation addition unit 109 store the estimated event detection
time point TMS_1'.

Receiving the estimated event detection time point
TMS_1', the association information addition unit 109 makes
the estimated event detection time point TMS_1' associated
with the detection data from the sensor 170 which has been
already supplied through the reception I'F umit 101 and
temporarily stored in the association information addition
unit 109, and then transmits the associated data to the
synthesizing processing unit 161.

(Jitter Amount Estimation Unit 107)

FIG. 7 1s a flowchart showing a process of estimating the
system delay jitter amount T7_1 by the jitter amount estima-
tion unit 107 in the data reception unit 100 according to the
first embodiment. In step S121 in FIG. 7, the jitter amount
estimation unit 107 judges whether or not 1t 1s the first
reception of detection data after activation of the data
reception unit 100. If 1t 1s the first reception, the system
delay jitter amount 17_1 1s mitialized to zero in step S122. If
it 1s not the first reception of the detection data 1n step S121,
the jitter amount estimation unit 107 calculates the system
delay jitter amount Tj_1 1n step S123 by using the above
equation (2). Next, i step S124, the jitter amount estimation
unmt 107 notifies the association information addition umit
109 of the system delay jitter amount T7_1.

(Abnormal Delay Detection Unit 108)

FIG. 8 1s a flowchart showing a process of detecting an
abnormal delay by an abnormal delay detection unit 108 1n
the data reception umt 100 according to the first embodi-
ment. By receiving the system delay jitter amount T7_1 from
the jitter amount estimation unit 107 as an iput, the
abnormal delay detection unit 108 judges whether or not the
estimated system delay jitter amount Tj_1 1s an abnormal
delay amount. In step S131 1n FIG. 8, the abnormal delay
detection unit 108 judges whether or not the system delay
ntter amount Tj_1 1s a delay exceeding a preset permissible
amount (threshold value). If 1t 1s judged to be larger than the
threshold value, the abnormal delay detection unit 108
notifies, 1 step S132, the association information addition
umt 109 of abnormal delay flag information indicating that
the system delay 1s abnormal. If the system delay jitter
amount T7_1 1s smaller than the threshold value 1n step S131,
the abnormal delay detection unit 108 notifies, 1n step S133,
the association mformation addition unit 109 of abnormal
delay flag information indicating that the system delay is
within a normal range.

(Association Information Addition Unit 109)

Receiving the notification from the jitter amount estima-
tion unit 107, the association information addition unit 109
makes the system delay jitter amount T7_1 associated with
the detection data from the reception I/F unit 101 and stores
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the associated system delay jitter amount T7_1. Receiving the
notification of the abnormal delay flag information from the

abnormal delay detection unit 108, the association informa-
tion addition unit 109 makes the abnormal delay flag infor-
mation associated with the detection data from the reception
I/F unit 101 and stores the associated abnormal delay flag
information.

Thus, the detection data from the reception I/F unit 101 1s
associated with the event detection time point TMS_1', the
system delay jitter amount Tj_1 and the abnormal delay tlag
information, and the synthesizing processing unit 161 1is
notified of the detection data from the reception I'F unit 101
together with information on all these items or information
on at least one of these items.

(1-3) Advantageous Eflect of First Embodiment

FI1G. 9 1s a diagram showing an example of a system delay
distribution used for simulations in FIG. 10 and FIG. 11.
FIG. 10 1s a diagram showing an example of estimation
errors of event detection time points obtained through the
simulation 1n the first embodiment. FIG. 11 i1s a diagram
showing an example of estimation errors of event detection
time points obtained through the simulation in the compari-
son example.

FIG. 9 shows the system delay distribution. In the simu-
lations 1n FIG. 9 to FIG. 11, the sampling period 1s 50 ms,
the average system delay time 1s 20 ms and system delays
are produced at random so that the system delay jitter
amount 1s within a range of £10 ms. FIG. 10 shows the result
of the simulation of errors between estimated event detec-
tion time points TMS_1' estimated by the data reception unit
100 according to the first embodiment and actual event
detection time points TMS_1, when such data is recerved by
the data reception unit 100 according to the first embodi-
ment.

FIG. 11 shows the result of the simulation of errors
between event detection time points TMS_1a calculated in
the comparison example, that 1s, according to the above
equation (4) and actual event detection time points TMS_1.
The result indicates that, in the comparison example shown
in FIG. 11, fluctuation in the system delay jitter amount
within a range of £10 ms directly influences the estimated
event detection time points (1TMS_1a 1n the above equation
(5)), the mnfluence of the fluctuation within a range of £10 ms
remains 1n the estimated event detection time points
TMS_1a, and therefore time point estimation accuracy 1is
POOTr.

In contrast, according to the configuration in the first
embodiment, fluctuation of the system delay jitter amount
within a range of 10 ms 1s removed from the estimated
event detection time points TMS_1', as shown 1n FIG. 10,
and 1t 1s possible to calculate an event detection time point
which 1s estimated with high accuracy, even under circum-
stances where the system delay time contains jitter.

As shown 1n FIG. 10, according to the configuration in the
first embodiment, 1n the system for transmitting data from
the transmitter to the receiver, 1t 1s possible to estimate the
event detection time point TMS_1' by the recerver with high
accuracy, even under circumstances where the system delay
time contains jitter.

It 1s possible to apply the configuration 1n the first
embodiment to a system i1n which a plurality of various
sensors (the sensors 170, 171 and 172 and the like in FIG.
1) are included, such as a camera installed 1n a vehicle, a
millimeter wave radar, LIDAR (Light Detection and Rang-
ing or Laser Imaging Detection and Ranging) and SONAR,
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for example, each of the sensors performs sensing (detec-
tion) 1n each fixed sampling period, raw data obtained
through the sensing or data converted to information such as
object position information, relative distance information
and object type information 1s transmitted through an 1n-car
network such as a CAN or a LAN (Local Area Network),
and an ECU acquires these data and controls steering, a
brake, an accelerator of an automobile. For example, 1n a
case that sensor data captured by each of the sensors is
information on a position ol an object, 1t 15 possible to
estimate with high accuracy a time point when each of the
sensors detects an event, that 1s, a time point (event detection
time point) when each of the sensors senses the object from
the received object position information, to make receirved
sensing data associated with the estimated event detection
time point, and therefore to grasp accurately positions at
time points of the sensing by the sensors. When the detection
target object or the automobile 1s moving, 1t 1s possible to
calculate a speed or acceleration of the object from latest
several samples of object position data with estimated time
points composed ol estimated event detection time points
and object positions at the time points, and it 1s possible to
estimate the current position of the object from this and the
current time point, with high accuracy.

For example, 11 *X(t1)” denotes an object position vector
on three-dimensional coordinates of an object detected by
the sensor at an estimated event detection time point (esti-
mated sensing time point) t1 and ‘v(t)’ denotes an object
speed at a time point t, 1t 1s possible to calculate an object
position coordinate vector X(t) at the current time point t
according to the following equation (6) with high accuracy
and 1t 1s possible to estimate the current position with high
accuracy.

X1 Y@0)d()+X(r1) (6)

This means that a system equipped with the receiver (the
event-detection-time-point estimation method) according to
the first embodiment 1s capable of estimating with high
accuracy that the object position X(tl) captured by the
sensor was a phenomenon at the time point t1. A case that
vehicles travelling at a speed of 100 km/h pass by each other
on a road will be considered, for example. When a sensor
detects an object at intervals of 100 ms, the both vehicles
approach each other approximately 2.8 m during a period of
100 ms. If the estimation method of the first embodiment 1s
not used, an object position error of 2.8 m at maximum 18
contained until the next sample.

If a future object position 1s predicted according to
equation (6) while the object position error is contained,
influence of the error increases and the estimation error of
the object position becomes greater, and the reliability of an
obstacle avoidance route for the vehicles obtained by using
the estimated vehicle positions may be consequently low-
ered, for example. According to the receiver (the event-
detection-time-point estimation method) of the first embodi-
ment, 1t 1s possible to estimate a time point when an object
1s at a certain position with high accuracy. Therefore, 1t 1s
possible to calculate the position of the object as a function
of time according to equation (6), to predict a future position
of the object with high accuracy, and to accurately calculate
a route which allows a vehicle to avoid an obstacle, as a
vehicle travel route, for example.

Further, 1n the first embodiment, an association 1s estab-
lished between a detected object position and a time point of
the detection (event detection time point). Therefore, when
a process of judging whether objects are the same object or
different objects 1s performed by synthesizing data from a
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plurality of sensors, 1t 1s possible to estimate that objects
captured by different sensors are the same object, with high

accuracy.

In the first embodiment, the receiver 1s capable of esti-
mating an event detection time point with high accuracy,
without adding time-point information by the transmuitter.
Thus, a time-point addition function of the transmitter-side
device 1s not necessary and a sensor can be selected more
freely. For example, it 1s not usual for various sensors
installed 1n an automobile to include a sensor with a time
addition function of adding a time point of sensing. In a case
that 1t 1s used for use of controlling steering, a brake and an
accelerator by an ECU, through an in-car network such as a
CAN according to object position mformation from these
sensors, multiple sensors should be used. However, in such
a system, 1t 1s diflicult to use a sensor with the function of
adding a time point of sensing. In the first embodiment, a
sensor without the function of adding time point information
to detection data can be used as the sensor.

Moreover, 1n the first embodiment, even if the multiple
sensors do not have the function of adding a time point of
sensing, the receiver 1s capable of estimating a time point of
sensing with high accuracy, and therefore it 1s possible to
reduce cost of the system using multiple sensors.

Furthermore, 1n the first embodiment, notification of the
detection data 1s performed by making the detection data
associated with the system delay jitter amount or notification
of the detection data 1s performed by making the detection
data associated with the abnormal delay flag information,
and therefore 1t 1s possible to grasp, from the size of the
delay jitter amount, abnormal increase 1n load on the system
or trailic jam conditions on the transmission path and 1t 1s
possible to evaluate the degree of stability of the system.
Moreover, 1n the first embodiment, if the system delay
amount 1s a great delay amount that exceeds a permissible
level, 1t 1s judged that the reliability of the detection data 1s
low and the use of the detection data can be accordingly
prevented, and therefore 1t 1s possible to avoid abnormal
operation.

(2) Second Embodiment
(2-1) Configuration in Second Embodiment

The performance of the data reception umts 100, 120 and
140 as the receivers according to the first embodiment may
be 1ntluenced by a change 1n circumstances (for example, a
function of limiting the number of times of retrying data
transmission). This 1s because there are some systems pro-
vided with a function of limiting the number of times of data
transmission from a transmitter-side device to a transmission
path in order to prevent extreme increase in transmission
load, and the function may cause the average system delay
time Tt_me measured 1n advance to greatly vary. In contrast,
in data reception units 200, 220 and 240 as receivers
according to the second embodiment, a shortest system
delay time Tt _min that 1s comparatively less intluenced by
a change 1n circumstances 1s used instead of the average
system delay time Tt_me. Therefore, even 1n a case that the
function of limiting the number of times of data transmission
from a transmitter-side device to a transmission path works,
it 15 possible to suppress variation 1n the performance of the
data reception units 200, 220 and 240.

FIG. 13 1s a block diagram schematically showing a
configuration of the data reception units 200, 220, . . ., 240
as the receivers according to the second embodiment of the
present invention. In FIG. 13, components that are the same
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as or correspond to the components shown i FIG. 1 are
assigned the same reference characters as the reference
characters 1n FIG. 1. As shown 1n FIG. 13, the plurality of
sensors 170, 171, . . . , 172 for detecting an event are
communicably connected to the plurality of data reception
units 200, 220 and 240 for receiving detection data (sensor
data) through a transmission path.

As shown 1n FIG. 13, the plurality of data reception units
200, 220 and 240 and the synthesizing processing umt 161
form a reception system 20 as a receiver-side system for
receiving detection data. Although FIG. 13 shows the three
data reception units 200, 220 and 240, the number of the data
reception units may be one, two, or four or more.

The data reception units 200, 220 and 240 are basically
the same in configuration as each other. Accordingly, the
configuration of the data reception unit 200 will be described
below. The data reception unit 200 includes: a reception I/F
unit 201 as a reception unit for receiving detection data sent
from a sensor (e.g., the sensor 170); and a reception-time-
point measurement unit 202 for measuring a time point
(reception time point) when detection data 1s received (that
1s, for acquiring the reception time point) by referring to a
system time point from the system clock 160, every time
when receiving from the reception I'F unit 201 a data
reception notification for notifying of reception of detection
data. The reception I'F unit 201 successively receives detec-
tion data, and a reception time point when 1-th (1 1s an integer
not less than zero) received detection data 1s received 1s
denoted as “Ir 1’.

In the first embodiment, as shown 1n the above equation
(4), the event detection time point TMS_1' 1s calculated by
subtracting the average system delay time Tt_me measured
in advance from the reception-time-point expected value
Ta_me 1. Here, 1f a CAN which 1s an in-car network 1s used
as a transmission path for communicably connecting the
sensor and the data reception unit, for example, there 1s a
protocol which fixes an upper limit to the number of times
of retrying, as a protocol for the CAN. If the number of times
of retrying data transmission reaches the fixed upper limait
number (e.g., 256) due to a trouble caused 1n the sensor
connected to the CAN, this protocol limits data transmission
from this transmuitter-side device to the CAN, 1n order to
prevent increase in transmission load caused by multiple
times of retrying. When such a situation occurs, a data
transier amount on the CAN decreases, the frequency of bus
contention between transmitter-side devices at the time of
data transmission accordingly decreases, and thus the aver-
age system delay time Tt _me measured 1 advance 1is
shortened. In other words, as shown in FIG. 12, the recep-
tion-time-point expected value Ta_me 1 in the data recep-
tion unit shifts (shifts 1n the leftward direction), due to a
change 1n circumstances, from a reception-time-point dis-
tribution curve (a white line) before the change in circum-
stances to a reception-time-point distribution curve (a black
line) after the change 1n circumstances. Consequently, in the
data reception unit according to the first embodiment, since
the changed average system delay time Tt_me 1s subtracted
from the leftward-shifted reception-time-point expected
value Ta_me_1, the estimated event detection time point
TMS_1' estimated in the first embodiment may greatly
deviate from the actual event detection time point TMS_1.

To cope with this, each of the data reception units 200,
220 and 240 according to the second embodiment 1includes
a shortest-system-delay-time storage unit 206 instead of the
average-system-delay-time storage unit 106, and addition-
ally includes a jitter amount storage unit 210 (a jitter amount
estimation unit 207 and the jitter amount storage unit 210
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constitute a shortest-system-delay-case jitter amount estima-
tion unit 207a), as shown in FIG. 13. In these regards, the
data reception units 200, 220 and 240 according to the
second embodiment differ from the data reception units 100,
120 and 140 according to the first embodiment. The recep-
tion I/F umit 201, a reception-time-point measurement unit
202, a reception-time-point expected value calculation unit
203, a sampling period storage unit 204, an abnormal delay
detection unit 208 and an association imformation addition
unit 209 in the second embodiment are the same 1n function
as the reception I/F unit 101, the reception-time-point mea-
surement unmt 102, the reception-time-point expected value
calculation unit 103, the sampling period storage unit 104,
the abnormal delay detection unit 108 and the association
information addition unit 109 in the first embodiment
respectively. Accordingly, equations (1), (1'), (2) and (3) 1n
the first embodiment can be also applied 1n the second
embodiment.

In the second embodiment, a time point when the sensor
in the transmitter-side device detects an event 1s estimated 1n
the following manner. The reception umt 200 according to
the second embodiment uses the following theory: the
shortest system delay time Tt_min measured 1n advance 1s
equivalent to a shortest system delay time during operation
alter the measurement 1n advance (that 1s, 1t can be regarded
that both are substantially equivalent), and the shortest
system delay time Tt _min does not change even if the
average system delay time Ta_me_1 changes due to a change
in circumstances occurred during operation after the mea-
surement 1 advance. A bandwidth usage amount under
normal circumstances on a network as a transmission path 1s
designed so as to be a sufliciently small amount 1n compari-
son with a maximum communication amount available on
the network. Accordingly, the shortest time of the system
delay time at the time of the measurement in advance and the
shortest time of the system delay time after the measurement
in advance are both shortest time periods 1n a case that data
1s successiully transmitted through the transmission path
while no bus contention occurs, and these are considered to
be the same time period (shortest system delay time)
Tt_min. By defining a time obtained by subtracting, from the
reception-time-point expected value Ta_me 1, a reception
time point Tr_1 when reception 1s made with the shortest
system delay time, as a jitter amount (shortest-system-delay-
case jitter amount) T7_min when reception 1s made with the
system delay time that 1s the shortest (when reception 1s
made 1n the shortest time), the shortest-system-delay-case
ntter amount Tj_min can be calculated in the following
manner by the data reception unit 200 during operation. That
1s, 1n a case that detection data 1s received while the system
delay time 1s shortest, since the jitter amount Tj_1 calculated
by the jitter amount estimation unit 207 1s maximum, 1i the
reception time point Tr_1 1s earlier than the reception-time-
point expected value Ta_me_1 and if the jitter amount Tj_1
calculated by the jitter amount estimation unit 207 1s greater
than the past maximum value (if the jitter amount Tj7_11s a
new maximum value), the jitter amount T7_1 1s stored 1n the
jitter amount storage unit 210 as the shortest-system-delay-
case jitter amount T7_min. By using these values, an event
detection time point TMS_ib' can be calculated by subtract-
ing, from the reception-time-point expected value Ta_me 1,
the shortest-system-delay-case jitter amount T7_min and the
shortest system delay time Tt_min measured in advance, as
shown 1 FIG. 14. This calculation can be expressed by the
tollowing equation (7).

TMS ib'=1a_me_i-1j min-71i min (7)
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(2-2) Operation in Second Embodiment

FIG. 15 1s a timing chart showing a method of estimating
the event detection time point TMS_1b' 1n the data reception
unit 200 according to the second embodiment. In FIG. 15,
parts that are the same as the parts shown in FIG. 4 are
assigned the same reference signs. In FIG. 15, a time point
when the sensor 170 detects an event (e.g., a position of an
object) 1s denoted as “TMS_1" 1=0, 1, 2, . . . ) and data
produced at the time 1s denoted as ‘No. 1°. Then, after a lapse
of internal delay time caused by internal processing in the
sensor, the data 1s sent to the transmission path. After a lapse
of transmission delay time, the detection data sent to the
transmission path 1s received by the data reception unit 200
at a time point Tr_1 (1=0, 1, 2, .. . ). In the data reception unit
200, the reception I/'F unit 201 performs a reception process.
Specifically, the reception I/F unit 201 reads out data stored
in a reception builer 1n the reception I/F unit 201 through a
reception interruption process, and transfers the data to the
association information addition unit 209. The reception I/'F
unmit 201 concurrently sends a data reception notification to
the reception-time-point measurement unit 202 to make an
estimated event detection time point TMS_1b' that 1s esti-
mated by an event-detection-time-point estimation unit 205
described later associated with the detection data in the
association mformation addition unit 209 and to store the
associated data.

The sensor 170 detects the event 1n every fixed sampling
period Tsa and sends data as the result of the detection to the
transmission path. If the system delay time 1s constant,
timing of reception by the data reception unit 200 coincides
with the fixed period Tsa, however, actually intervals
between reception time points Ir_0, Tr_1, Tr 2, . .., Tr_1
when the data reception unit receives data do not have the
fixed value Tsa but have different values as shown i FIG.
15.

In FIG. 15, ‘Tt _min’ denotes the value of the shortest time
of the system delay (shortest system delay time) measured 1n
advance. Receiving the detection data, the reception I/F unit
201 notifies the reception-time-point measurement unit 202
ol a data reception notification. Every time when receiving
the data reception notification, the reception-time-point
measurement unit 202 acquires a current time point (recep-
tion time point) Tr_1 from the system clock 160 and notifies
the reception-time-point expected value calculation unit 203
of the current time point. Meanwhile, the shortest time of the
system delay 1s measured 1n advance and the measured value
1s stored 1n the shortest system delay time storage unit 206.
The sampling period storage unit 204 stores the event
detection period that 1s an interval between object detections
by the sensor 170, that 1s, the sampling period that 1s an
interval between data outputs to the transmission path. The
reception-time-point expected value calculation unit 203
calculates the reception-time-point expected value Ta_me 1
from an average value (average system delay jitter amount)
T1_me_1 of the arrival-time-point variation amount (system
delay jitter amount) Tj_1 with respect to the reception timing
of regular intervals, i FIG. 15.

The reception-time-point expected value Ta_me 1 1s cal-
culated by using the above equation (3), in the same way as
in the first embodiment. The system delay jitter amount T7_1
calculated by using the above equation (2) 1s the amount of
deviation from the reception-time-point expected value
(Ta_me 1-1)+Tsa. ‘Tj_min’ denotes a system delay jitter
amount when reception 1s made in the shortest time (short-
est-system-delay-case jitter amount), that 1s, a maximum
jtter amount 1 a direction that the reception time point
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becomes earlier than the reception-time-point expected
value Ta_me_1. The jitter amount storage unit 210 monitors
the jitter amount at the time of data reception estimated by
the jitter amount estimation unit 207 and stores the maxi-
mum jitter amount in the direction that the reception time
point becomes earlier. By using the above definition, the
event-detection-time-point estimation unit 2035 calculates
the event detection time point TMS_1b' 1n the sensor 170
according to the above equation (7).

Specific operation by the reception unit 200 according to
the second embodiment for estimating the event detection
time point TMS_1b' 1n the sensor 170 described above will
be described below. First, the reception-time-point expected
value Ta_me 1 1s calculated by the reception-time-point
expected value calculation unit 203. This process 1s the same
as the process shown 1n the tlowchart of FIG. 5 in the first
embodiment.

FI1G. 16 1s a tflowchart showing a process of estimating the
event detection time point TMS_1b' 1n the data reception unit
200 according to the second embodiment. The reception-
time-point expected value calculation umt 203 notifies the
event-detection-time-point estimation unit 205 of the recep-
tion-time-point expected value Ta_me_1, and then the event-
detection-time-point estimation unit 205 performs a process
of calculating the event detection time point TMS_1b' by
using equation (7) i step S211. Then, 1n step S212, the
event-detection-time-point estimation unit 205 notifies the
association information addition unit 209 of the calculated
event detection time point TMS_1b'.

Receiving the event detection time point TMS_ib' from
the event-detection-time-point estimation unit 205, the asso-
ciation information addition unit 209 makes the event detec-
tion time point TMS_1b' associated with the detection data
from the sensor 170 that has been already temporarily stored
through the reception I/F unit 201, and the associated data 1s
sent to the synthesizing processing unit 161.

(2-3) Advantageous Eflect in Second Embodiment

FIG. 17 1s a diagram showing an example of a system
delay distribution used for a simulation shown in FIG. 18.
FIG. 18 1s a diagram showing an example of estimation
errors of event detection time points obtained through simu-
lations of the first and second embodiments. FIG. 17 shows
a case that the sampling period i1s set to 50 ms and the
average value of the system delay time changes from 20 ms
to 30 ms during the operation (time point 25000 ms).
Accordingly, in the example of FIG. 17, the system delay 1s
produced so that the jitter amount of the system delay time
changes from +10 ms to £20 ms during the operation (time
point 25000 ms). FIG. 18 shows a result of a simulation of
errors of the event detection time points TMS_1b' estimated
when the data reception unmit 200 according to the second
embodiment receives such data and errors of the event
detection time points TMS_1' estimated when the data recep-
tion unit 100 1n the first embodiment receives such data. As
shown 1n FIG. 18, when the average value of the system
delay time changes from 20 ms to 30 ms (at the time point
25000 ms), 1t 1s understood that the errors of the event
detection time points in the first embodiment steadily occur
within a range of approximately 0 ms from 10 ms. On the
other hand, the errors of the event detection time points
TMS_ib' 1n the second embodiment are not affected by the
change in the system delay time, and it 1s understood that the
estimation of time points can be performed with robustness
to changes 1n circumstances.
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As described above, the data reception unit (the event-
detection-time-point estimation method) according to the
second embodiment 1s capable of estimating the event
detection time point TMS_1b' with high accuracy i the
system 1n which the transmitter transmits data to the data
reception unit, even 1 the system delay time contains jitter.

The data reception unit (the estimation method) according,
to the second embodiment eliminates the need to provide the
sensor with the function of adding time information, and
therefore 1improves system configuration flexibility.

Further, according to the second embodiment, 1n addition
to the advantageous eflect shown 1n the first embodiment, 1t
1s possible for the data reception unit 200 to estimate the
event detection time point TMS_1b" with high accuracy 1n
the system 1n which the transmitter transmits data to the data
reception unit, even 1f the average system delay time
changes. For example, 1f there 1s a device which stops
transmission operation among the sensors connected to the
transmission path, the average system delay time decreases.
As another example, 1n a case that a sensor connected to the
transmission path starts operating when it satisfies a certain
condition (e.g., mn a case that an infrared camera starts
operating when the brightness 1n the surroundings decreases
such as 1n the night and video data obtained through sensing
by the camera 1s transmitted to a network at regular inter-
vals), the frequency of occurrence of contention between the
transmitter-side devices 1ncreases. In this case, since trans-
mission of detection data from a lower-priority transmitter-
side device 1s waited, the average system delay time on the
transmission path increases, with respect to the detection
data from the transmitter-side device. Even 1n such a case,
by using the data reception unit according to the second
embodiment, 1t 1s possible to estimate a time point when the
sensor detects an event with high accuracy.

Vehicle detection information contained in trathic guide
information distributed to a vehicle 1s so considerably old
information that traflic condition far apart from the current
condition 1s displayed as a display of traflic information,
such as traflic-jam information. This problem can be solved
by applying the data reception unit according to the second
embodiment. Specifically, 1n a case that each of the sensors
170, 171 and 172 performs vehicle detection at regular
intervals of Tsa and detected data 1s supplied to a traflic-
guide-information production system as the reception sys-
tem through a network as the transmission path, the shortest
time taken for the transmission to the reception I/'F umt 201
included 1n the data reception umt 1s measured 1n advance
and the measured time 1s stored in the shortest-systems-
delay-time storage unit 206. The reception-time-point mea-
surement unit 202 measures a reception time point Tr_1
when the reception I'F umt 201 receives vehicle detection
information. The reception-time-point expected value cal-
culation unit 203 calculates a reception-time-point expected
value Ta_me_1, through the processes shown in the tlow-
chart of FIG. 5 based on equations (1), (2) and (3) from time
points of past receptions and the value of the sampling
period Tsa stored 1n the sampling period storage unit 204.
The jitter amount storage unit 210 stores the maximum jitter
amount that makes the reception time point earlier, of system
delay jitter amounts T7_1 when data are received generated
by the jitter amount estimation umt 207, as a jitter amount
when the reception 1s made in the shortest time (shortest-
system-delay-case jitter amount). By performing the pro-
cess, shown 1n equation (7), of subtracting the shortest-
system-delay-case jitter amount Tj_min and the shortest
system delay time Tt _me measured in advance from the
reception-time-point expected value Ta_me_1, that 1s,
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according to the flowchart of FIG. 16, 1t 1s possible for the
event-detection-time-point estimation unit 205 to estimate

an event detection time point (vehicle detection time point)
accurately, to make the estimated vehicle detection time
point with the vehicle detection information received by the
association information addition unit 209, and to output the
associated mformation to a processing unit in a following
stage.

Furthermore, even if there are fluctuations as shown 1n
FIG. 9 1in the system delay time that 1s a time period after
vehicle detection by the sensor until reception by the tratlic-
guide-information production system as the reception sys-
tem, the data reception unit 200 according to the second
embodiment makes 1t possible to reduce an error of an
estimated event detection time point to be extremely small
as shown in FIG. 10.

Moreover, even 1i the average value of the system delay
time changes as 1n FIG. 17, the data reception unit 200
according to the second embodiment makes 1t possible to
estimate with high accuracy without being aflected by
estimation of the event detection time point, as indicated by
the result obtained through the method according to the
second embodiment shown 1n FIG. 18.

As described above, according to the second embodiment,
even 1f there 1s a change in the transmission delay time
contained 1n the system delay time, 1t 1s possible to estimate
an event detection time point accurately. Accordingly, it 1s
possible to produce traflic gmide information without includ-
ing event detection information on the past before a certain
threshold value.

Recently, various 10T (Internet of Things) services using,
various sensors connected to a network as a transmission
path and using big data obtained through sensing by the
sensors have been proposed, such as remote control opera-
tion of an object or the like at a distant location, an
autonomous dniving or driver-assistance system, detection
ol abnormal conditions of equipment or structure, prediction
of abnormal conditions, generation and distribution of real-
time traflic information by using data from sensors in
vehicles or on roads, and watching or remote monitoring
services for the elderly. Each of such services uses a system
in which data are obtained through detection at regular
intervals by sensors placed at distant locations and the
obtained data are transmitted through a network. By apply-
ing the data reception umit according to the second embodi-
ment to the system, 1t 1s possible to estimate a time point of
sensing accurately, even 1n a case that random transmission-
path delay jitter 1s undesirably contained on a transmission
path and the transmission delay time changes to various
values or the average transmission delay time changes.
Therefore, 1t can be applied to various uses.

(3) Modification Example

FIG. 19 1s a hardware configuration diagram showing a
configuration of a modification example of the data recep-
tion units according to the first and second embodiments.
The data reception units 100, 120 and 140 shown 1n FIG. 1
can be achieved by using a memory 91 as storage for storing
a program as software and a processor 92 as an information
processing unit for executing the program stored in the
memory 91 (for example, by using a computer). In this case,
the components 104, 106 and 109 1n FIG. 1 correspond to
the memory 91 in FIG. 19, and the components 101, 102,
103, 105, 107, 108 and 161 1n FIG. 1 correspond to the
processor 92 executing the program. Some of the compo-
nents 101, 102, 103, 105, 107, 108 and 161 shown 1n FIG.
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1 may be achieved by the memory 91 and the processor 92
executing the program that are shown 1n FIG. 19.

The data reception units 200, 220 and 240 shown 1n FIG.
13 can be achieved by using the memory 91 as storage for
storing a program as soltware and the processor 92 as an
information processing unit for executing the program
stored 1n the memory 91 (for example, by using a computer).
In this case, the components 204, 206, 209 and 210 in FIG.
13 correspond to the memory 91 i FIG. 19, and the
components 201, 202, 203, 205, 207, 208 and 161 1n FIG. 13
correspond to the processor 92 executing the program. Some
of the components 201, 202, 203, 205, 207, 208 and 161
shown 1n FIG. 13 may be achieved by the memory 91 and
the processor 92 for executing the program that are shown
in FIG. 19.

DESCRIPTION OF REFERENCE

CHARACTERS

10, 20 reception system; 100, 120, 140 data reception unit
(receiver); 101 reception I/F unmit (reception unit); 102
reception-time-point measurement umt; 103 reception-time-
point expected value calculation unit; 104 sampling period
storage unit; 105 event-detection-time-point estimation unit;
106 average-system-delay-time storage unit; 107 jitter
amount estimation unit; 108 abnormal delay detection unit;
109 association information addition umt; 160 system clock;
161 synthesizing processing unit; 170, 171, 172 sensor; 200,
220, 240 data reception unit (receiver); 201 reception I/F
unit (reception unit); 202 reception-time-point measurement
umt; 203 reception-time-point expected value calculation
unmit; 204 sampling period storage unit; 205 event-detection-
time-point estimation unmit; 206 average-system-delay-time
storage unit; 207 jitter amount estimation unit; 207a short-
est-system-delay-case jitter amount estimation unit; 208
abnormal delay detection unit; 209 association information
addition unit; 210 jitter amount storage umit; Tsa sampling
period (detection period); Tr_1 reception time; Tt_me aver-
age system delay time; Ta_me 1 reception-time-point
expected value; Tj_1 system delay jitter amount; TMS_1',
TMS_i1b' estimated event detection time point; Tj_me 1
average system delay jitter amount; T7_min shortest-system-
delay-case jitter amount; Tt_min shortest system delay time.

What 1s claimed 1s:

1. A recerwver for receiving detection data sent from a
sensor that detects an event 1n each fixed sampling period to
estimate an event detection time point which 1s a time point
when the sensor detects the event, the receiver configured to:

receive the detection data;
measure a reception time point which 1s a time point when
the detection data 1s received by the reception unit;

calculate a reception-time-point expected value, which 1s
an expected value of a next reception time point at
which detection data 1s subsequently received, from the
reception time point and the sampling period;

calculate a variation amount of the reception time point
with respect to the reception-time-point expected value
as a system delay jitter amount; and

estimate the event detection time point, from a system

delay time measured 1n advance as a time period from
the time point when the sensor detects the event to the
reception time point, the reception-time-point expected
value and the system delay jitter amount, wherein the
receiver 1s further configured to:

calculate an average system delay jitter amount which 1s

a distribution mean value of variation time components
of the system delay time, and



US 10,623,292 B2

21

obtain the reception-time-point expected value by adding
the sampling period and the average system delay jitter
amount to an immediately preceding reception-time-
point expected value calculated at a time of reception of
immediately preceding detection data.

2. The receiver according to claim 1, wherein the event
detection time point 1s calculated by subtracting, from the
reception-time-point expected value, an average system
delay time which 1s an average value of the system delay
time.

3. The recerver according to claim 1 further configured to
associate the event detection time point with the detection
data.

4. The receiver according to claim 3, further configured to
estimate the system delay jitter amount, from the reception
time point and the reception-time-point expected value, and

the system delay jitter amount with the detection data.

5. The recerver according to claim 3 further configured to
detect that a system delay 1s abnormal when the system
delay jitter amount exceeds a prescribed threshold value, and

associate information indicating that the system delay 1s

abnormal with the detection data.
6. An event-detection-time-point estimation method of
estimating, 1 a receiver for receiving detection data sent
from a sensor that detects an event 1n each fixed sampling
period, an event detection time point which 1s a time point
when the sensor detects the event, the method comprising;:
measuring a reception time point which 1s a time point
when the detection data 1s received by the receiver;

calculating a reception-time-point expected value which
1s an expected value of a next reception time point
which 1s a time point when detection data 1s subse-
quently recerved, from the reception time point and the
sampling period;

calculating a variation amount of the reception time point

with respect to the reception-time-point expected value,
as a system delay jitter amount; and

estimating the event detection time point, from a system

delay time measured in advance as a time period from
the time point when the sensor detects the event to the
reception time point, the reception-time-point expected
value and the system delay jitter amount, wherein
calculating the reception-time-point expected value
further includes:
calculating an average system delay jitter amount
which 1s a distribution mean value of variation time
components of the system delay time; and
obtaining the reception-time-point expected value, by
adding the sampling period and the average system
delay jitter amount to an immediately preceding,
reception-time-point-expected value calculated at a
time of reception of immediately preceding detection
data.
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7. The event-detection-time-point estimation method
according to claim 6, wherein the event detection time point
1s calculated by subtracting, from the reception-time-point
expected value, an average system delay time which 1s an
average value of the system delay time.

8. A receiver for receiving detection data sent from a
sensor that detects an event 1n each fixed sampling period to
estimate an event detection time point which 1s a time point
when the sensor detects the event, the receiver configured to:

receive the detection data;

measure a reception time point which 1s a time point when
the detection data 1s received by the reception unit;

calculate a reception-time-point expected value which 1s
an expected value of a next reception time point which
1s a time point when detection data 1s subsequently
received, from the reception time point and the sam-
pling period;

calculate a maximum value of a variation amount of the
reception time point with respect to the reception-time-
point expected value, as a shortest-system-delay-case
jitter amount; and

estimate the event detection time point, from a shortest
system delay time obtained by measuring in advance a
shortest time period from the time point when the
sensor detects the event to the reception time point, the
reception-time-point expected value and the shortest-
system-delay-case jitter amount.

9. An event-detection-time-point estimation method of
estimating, 1 a receiver for receiving detection data sent
from a sensor that detects an event 1n each fixed sampling
period, an event detection time point which 1s a time point
when the sensor detects the event, the method comprising:

measuring a reception time point which 1s a time point
when the detection data 1s received by the recerver;

calculating a reception-time-point expected value which
1s an expected value of a next reception time point
which 1s a time point when detection data 1s subse-
quently recerved, from the reception time point and the
sampling period;

calculating a maximum value of a variation amount of the
reception time point with respect to the reception-time-
point expected value, as a shortest-system-delay-case
jitter amount; and

estimating the event detection time point, from a shortest
system delay time obtained by measuring in advance a
shortest time period from the time point when the
sensor detects the event to the reception time point, the
reception-time-point expected value and the shortest-
system-delay-case jitter amount.
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